In this paper we examine thoroughly the Higgs boson to µ ∓ τ ± decay via processes involving R parity violating couplings. By means of full one-loop diagrammatic calculations, we found that even if known experimental constraints, particularly including the stringent sub-eV neutrino mass bounds, give strong restrictions on some of the R parity violating parameters, the branching ratio could still achieve notable value in the admissible parameter space. Hence, the flavor violating leptonic decay is of interest to future experiments. We present here key results of our analysis.
I. INTRODUCTION
As we know, in the Standard Model (SM) the lepton number of each flavor is separately conserved. Thus lepton flavor violating (LFV) decays such as the Higgs boson to µ ∓ τ ± are forbidden. However, neutrino oscillation experiments provide strong evidence that the lepton flavor conservation should be violated [1] [2] [3] [4] . If lepton flavor violation can be observed in processes involving only SM particles, this would contribute an important probe to physics beyond the SM. Such processes, in particular the Higgs boson to µ ∓ τ ± decay, deserve attention.
Looking into the literature, various sources or scenarios to accommodate LFV interactions have been introduced and analyzed. For example, adding heavy right-handed neutrinos can
give neutrinos mixings and hence lepton flavor violation [5] . Also, a general two Higgs doublet model has LFV interactions due to Yukawa coupling matrices which can not be diagonalized simultaneously [6, 7] . Under the framework of supersymmetry (SUSY), it is well known that nonzero off-diagonal elements of soft SUSY breaking terms in the leptonic
, to be precisely defined below) generate LFV couplings. Moreover, the (total) lepton number itself may not be conserved. For the SUSY case, such R parity violating (RPV) couplings also give interesting contributions to processes like the Higgs boson to µ ∓ τ ± decay.
While SUSY is undoubtedly a popular candidate theory for new physics, its existence so far lacks experimental evidence [8] . Thus, some simple versions of the supersymmetric model, such as the constrained minimal supersymmetric standard model, have faced stringent challenges [9] . However, it has been pointed out that there is still room for the (minimal) supersymmetric standard model to accommodate existing experimental constraints [10] [11] [12] [13] .
For instance, the large mass spectrum for the majority of supersymmetric particles around or beyond 1 TeV has yet to be probed [13] . The heavy spectrum is in accordance with the newly discovered boson mass ∼ = 125 to 126 GeV [14] [15] [16] . A large portion of the parameter space remains uncovered in versions of the minimal supersymmetric standard model (MSSM) with more free parameters [11] . Nonuniversality of soft SUSY breaking masses is also a possible explanation for the nonobservation of supersymmetric signals [12] .
Under the scheme of the MSSM, various LFV decays such as τ → µγ, τ → µX, τ → µη, τ → µµµ, and so on [17] , as well as the Higgs boson to µ ∓ τ ± decay [7, 18] which we put our focus on in this paper, have been discussed. However, in many studies of the MSSM, R parity is often imposed by hand to prevent proton decay and make the lightest supersymmetric particle a possible dark matter candidate. From the theoretical point of view, R parity is ad hoc and not well motivated so long as the phenomenological (minimal) supersymmetric standard model is concerned [19] . A generic supersymmetric standard model (without R parity imposed), on the contrary, not only provides a convenient way to lepton flavor violation, but also has the advantage of a richer phenomenology including neutrino masses and mixings without introducing any extra superfield. Under the framework of SUSY with R parity violation, there have been some studies [20, 21] on the issue of lepton flavor violation. Nevertheless, such studies were either limited to particular types of R parity violation or did not take h 0 → µ ∓ τ ± into consideration. While recently both ATLAS and CMS [14, 15] reported discovery of a boson state which is essentially compatible with a SM-like Higgs, more data are needed to pin down its nature, and the flavor violating Higgs decay such as h 0 → µ ∓ τ ± is especially interesting at this moment. In this paper, we will investigate thoroughly the LFV Higgs boson to µ ∓ τ ± decay from SUSY without R parity via full diagrammatic calculations up to one-loop level. Under a reasonable choice of the experimentally viable parameter space, the most significant branching ratios of various RPV parameter combinations will be reported. Note that part of the key results has been reported, with limited presentation of analytical expressions and discussions, in a short letter [22] .
In following section, we summarize our basic formulation and parametrization of the generic supersymmetric standard model (without R parity). Particularly, the neutral and With the content of the minimal superfields spectrum, the most general renormalizable superpotential without R parity can be written as
where (a, b) are SU(2) indices with ǫ 12 = −ǫ 21 = 1, (i, j, k) are the usual family (flavor)
indices, and (α, β) are extended flavor indices going from 0 to 3. Note that λ is antisymmetric in the first two indices as required by SU(2) product rules while λ ′′ is antisymmetric in the last two indices by SU(3) C . The soft SUSY breaking terms can be written as follows:
whereL †m2 LL is given by a 4 × 4 matrix.m
's give new mass mixings. Note thatŨ † ,D † , andẼ † are the scalar components of the
The above, together with the standard (gauged) kinetic terms, describe the full Lagrangian of the model. We have fourL superfields, which contain the components of the fermion doublet as l 0 and l − , while their scalar partners arel 0 andl − . In principle, the neutral scalar partl 0 α of all fourL superfields can bear vacuum expectation values (VEVs). To make the analysis simple and the physics more transparent, we use a parametrization which picks a basis such that the direction of the VEV is singled out, i.e. onlyL 0 bears a nonzero VEV among fourL's. This procedure guaranteesL 0 can be always identified as 
parameters, which are well constrained to be small even with just very conservative neutrino mass bounds imposed [23, 24] . Now we turn to the issue about mass matrices of matter fields. In our framework, the three known charged leptons, together with two charginos, correspond to the mass eigenstates of a 5 × 5 charged fermion matrix M C , which can be diagonalized by two unitary matrices as
where m
is the squark mass squared, while expressions for the derivatives with respect to the scalar fields in the bracket (including second derivatives used later) are complicated so we do not list them here. One can see [25] for example, for details.
3
Tadpole equations along the direction of other scalars/sleptons can be obtained easily from scalar potential terms which are related to neutral sleptons:
2 It is basically a CP phase. In this study, the phase is set to be zero for simplicity. 3 There may be a sign difference between the expression for derivatives in the reference and ours due to the definition of linear expansion of scalars. while vanishing derivatives of V give
The exact form of tree level elements of scalar matrices are as mentioned above, while the one-loop corrections from third generation quarks and squarks are
In the case of neutral scalars, j and k can be any number among 1, 2, 6, 7 which correspond
a u and h a d respectively. As to the charged scalar case, j and k can only take the value of 1 or 2, with φ j = {h
By including the one-loop corrections mentioned above and the estimation of two-loop corrections [26] to the scalar mass matrices, the numerical values of the Higgs masses can be obtained with enough accuracy. 
III. CALCULATIONS AND NUMERICAL RESULTS

At
three gaugino masses and the condition that squarks of the first two families cannot be lighter than about 0.8M 3 . Therefore we take soft SUSY breaking scalar massesm
2 for simplicity in our analysis. The parameter setting is in accordance with the gravity-mediated SUSY breaking picture [28] , for instance. The other restrictions and assumptions we used can be found in Table 1 . Table 1 . List of the parameter ranges and conditions we adopted
Free parameters Range There are many different sources (e.g., flavor violating charged lepton decays like τ
, experimental values of CKM matrix elements [30] and so on) which can give constraints on our RPV parameter setting. Among all the available constraints, the one from indirect evidence of the neutrino mass, i.e.
i m ν i 1 eV [31] is quite crucial. Note that all LFV couplings/mass mixings that conserve R parity have been turned off during our analysis. That is to single out the effects of the RPV ones. The reported numerical branching ratios are the most significant numbers we found under the framework. The constraints on this type of combination are mainly from neutrino mass experiments.
The RPV parameter B i can give contributions to neutrino masses via one-loop diagrams [32] . Generally speaking, larger sneutrino and neutralino masses will raise the upper bound of B i . Table 2 . Table 2 .
Except for the combinations
RPV parameter Admissible Br within combinations known experimental constraints
The B i µ j type of combination gets constrained from several sources. The values of B i
and B i µ j are highly constrained separately by their loop contribution to neutrino masses [32] . On the other hand, a nonzero µ j will induce a tree level neutrino mass, hence it is also constrained. However, these contributions (from the Type2No.4 diagram) can not provide a significant branching ratio. Hence we have the uninterestingly tiny numbers as shown in Table 3 .
As for B 2 µ 3 and B 3 µ 2 , both give contributions to the Higgs decay via many diagrams.
Among them, the tree diagram (Fig. 1, left panel) is the most important over a wide range of parameter space. Especially for the B 3 µ 2 combination, a key contribution to the decay amplitude is enhanced by the tau Yukawa coupling y e 3 via a term
s denotes a generic real scalar mass eigenvalue). The latter makes the branching ratio from B 3 µ 2 the largest among all B i µ j 's. There is a similar feature for the contributions from the B 2 µ 3 combination, but with a muon Yukawa y e 2 instead. These two combinations get their most significant values under small µ 0 and M 2 s as can be seen from the expression above. Note that the contribution from loop diagrams is in general roughly smaller than that from the tree diagram, but can still be sizeable. Table 3 .
In fact, analyses similar to the above can be applied to h 0 → e ∓ µ ± and h 0 → e ∓ τ ± as well. The B i µ j contributions to h 0 → e ∓ µ ± are expected to be tiny due to the smallness of the corresponding Yukawa couplings y e 1 and y e 2 . On the other hand, while the contributions from B 1 µ 3 are also suppressed by a relative factor of y e 1 /y e 2 , the contributions from B 3 µ 1 to h 0 → e ∓ τ ± could be roughly the same order as that of
decay may also be of interest.
C. Contribution from B i λ combinations
Apart from the constraint on the B i parameters, the λ type parameters are bounded by charged current experiments [30] . Generally speaking, increasing soft SUSY breaking slepton masses and gaugino masses leads to heavier charged slepton, sneutrino and neutralino masses and hence raises the upper bounds for B i and λ. They can provide large amplitudes via tree level diagrams (Fig. 1, middle panel) , which are roughly 1 order of magnitude larger than that from loop diagrams. The amplitude can
s , where α is the mixing angle between two CP-even neutral Higgs bosons. Even though heavy sneutrino masses tend to suppress the amplitudes, they would relax the bounds on B i and λ more significantly, and hence are favorable (Fig. 2, left panel) . Moreover, µ 0 should not be too small in order to make the product of B i and λ be below the bounds from leptonic radiative decays, i.e. |B *
. It is noteworthy that even under the stringent neutrino mass 1 eV constraint, the four combinations could give branching ratios beyond 10 −5 (Fig. 2, right panel) , which may be large enough to be probed at the LHC (or future linear collider). As to other B i λ combinations, they can be from several diagrams. However, they only play minor roles and hardly give any meaningful branching ratio, as shown in Table 4 .
As a matter of fact, the class of B i λ combinations gives the most important contributions to the flavor violating Higgs decays among all RPV parameter combinations. Moreover, the approximation of tree level amplitudes as above could apply to h 0 → e ∓ τ ± and h 0 → e ∓ µ ± as well. As a result, under the same parameter setting, it is expected for h 0 → e ∓ τ ± and h 0 → e ∓ µ ± to give branching ratios with roughly the same order of magnitude as in
However, it has been pointed out [33] (Fig. 3, left panel) . In our parameter setting, branching ratios from B i A λ combinations can reach the order of 10 −11 at most as shown in Table 5 . However, if we allow A λ to be larger than hundreds of TeV, notable branching ratios are possible. Since decay rate is proportional to amplitude squared and hence A λ squared, it is easy to see how the branching ratio changes as A In any case, branching ratios from µ i λ can only achieve at most the order of 10 −8 in our analysis because of the stringent constraints from leptonic decays. Our results are shown in Table 6 .
F. Contribution from the other insignificant combinations
In addition to the above combinations, there are some other types of combinations (i.e., As to µ i µ j combinations, only µ 2 µ 3 contributes to h 0 → µ ∓ τ ± up to the one-loop level.
With nonzero µ i , one of the neutrinos gets tree level mass. However, leptonic radiative decays set more stringent bounds on µ 2 µ 3 than the neutrino mass does [29] , i.e.,
Interestingly enough, though the µ 2 µ 3 combination contributes to the decay in tree level (Fig.   1, right panel) , a loop contribution from Type1No.4 diagram is generally more important due to the smallness of neutrino masses in the loop. For example, where µ 2 µ 3 gives its most significant branching ratio, the amplitude from loop diagrams compared to that from the tree diagram is roughly 10000:1. At any rate, µ 2 µ 3 could only give a negligible branching ratio. Among all µ i λ ′ 's which give nonzero contributions, some combinations are constrained by their loop contributions to neutrino masses [32] . Besides, every µ i λ ′ is bounded by tree level neutrino mass constraints on µ i and experimental constraints on single λ ′ [30, 35] .
In this type of combination, there is no obvious dominant diagram. Several diagrams can
give comparable major contributions to the h 0 → µ ∓ τ ± process. Generally speaking, heavy gaugino masses can relax the tree level neutrino mass constraints while heavy down squark masses can raise the upper bounds of λ ′ and relax loop neutrino mass constraints; hence they are favorable for larger branching ratios. Unfortunately, in the whole parameter space, it is hard for the µ i λ ′ to give any significant branching ratios. 
IV. SUMMARY
We have analyzed thoroughly Higgs to µ ∓ τ ± decay in the framework of the minimal supersymmetric standard model without R parity. By means of full one-loop diagrammatic calculations and taking the RPV terms as the only source of lepton flavor violation, we
showed that the branching ratio of h 0 → µ ∓ τ ± could exceed 10 −5 without contradicting experimental constraints. We pull together the most interesting RPV parameter combinations and corresponding branching ratios in Table 8 for easy reference. The numbers in the parentheses indicate the branching ratios in the case of A λ = 2500 TeV as mentioned in the
± is expected to be able to give roughly the same order of branching ratio with that of h 0 → µ ∓ τ ± from RPV terms, while h 0 → e ∓ µ ± is suppressed due to stringent constraint from two-loop Barr-Zee diagrams. From an experimental point of view, a typical cross section of the MSSM 125 GeV Higgs boson at 8 TeV energy is of the order 10 pb. Short of a reliable full simulation study, we can only carry out a rough estimate on the observability of the Br(h 0 → µ ∓ τ ± ) 10 −5 . With a luminosity of the order 10 fb −1 , this would lead to several raw µ ∓ τ ± events with almost no SM background. 5 If we allow more free parameters or a larger parameter space during our analysis, the branching ratios can become even larger. Together with the 14 TeV energy for future LHC runs, we may have more events and a better chance to probe lepton flavor violation, and physics beyond the standard model. 5 Our estimate is likely to be on the optimistic side when detector properties are fully taken into consideration. Some complete experimental analyses with realistic cuts may be needed to improve the situation. The case for the 14TeV running or a future linear collider will be much better. We also want to bring to the reader's attention that after we finished our work, a preprint [39] on the relevant branching ratio reach of the 8 TeV LHC appears, claiming a quite disappointing number. 
Appendix B: Effective Couplings in MSSM without R parity
We list all relevant effective mass eigenstate couplings for our analysis here. Indices run from 1 to 10 for neutral scalars (sleptons), 1 to 8 for charged scalars (sleptons), 1 to 6 for squarks, 1 to 7 for neutral fermions (neutralinos) and 1 to 5 for charged fermions (charginos) while all dummy indices run from 1 to 3. Moreover,
are the diagonal quark and charged lepton Yukawa couplings, where m i 's (≈ m e i under the small-µ i scenario) are mass parameters in the charged fermion mass matrix [23] .
where
Charged Lepton-Down Quark-Up Squark Vertices
Neutral Scalar-Quark-Quark Vertices: Down Sector
Neutral Scalar-Quark-Quark Vertices: Up Sector
Charged Lepton-Up Quark-Down Squark Vertices
Charged Scalar-Neutral Lepton-Charged Lepton Vertices
Neutral Scalar-Squark-Squark Vertices: Down-Sector
Neutral Scalar-Squark-Squark Vertices: Up-Sector
Cubic Neutral Scalar Vertices
Neutral Scalar-Charged Scalar-Charged Scalar Vertices
where 
